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CrUIAB HA OCHOBE UHPKOHKH JJJIX 3JIEMEHTOB 
AKTHBHOH 30HLI ATOMHblX PEAKTOPOB 

06jiaCTb TCXHHKH 

H3o6pereHHe othochtch k o6jiacTH MeTamiyprHH, b HacroocTH. k cruiasaM Ha ocHose 

UHpKOHRH 2UIX aKTHBHOH 30HbI aTOMHbXX peaKTOpOB. 

IlpeflinecTByiomHH ypoBem> tcxhhkh 
B KOHCTpyKUHH aKTHBHOH 30Hbi aTOMHbix 3HepreniHecKHx peaicropoB Ha TeriJIOBblX 
HempoHax b KanecTBe o6ojiohck tb3jiob, Tpy6 tcx ho jiothhcckhx KananoB h apyrnx kohct- 

pyKUHOHHBIX 3JICMCHTOB HCnOJIb3>TOTCH CIUiaBbl Ha OCHO&e UHpKOHHfl. 

K yKa3aHHbiM ciuiaBaM npejrbaBjraeTCfl uejibin ptux Tpe6oBaHHH no Koppo3HOHHoft 
ctohkocth b BOfle h b cpeae BbicoKOTeMnepaiypHoro BoxiHHoro napa, iipohhocth, no conpo- 
THBJieHHio OKHCJieHmo, HasojiopOHCHBaHHK), pajxnaiiHOHHOMy pocTy h noji3yqecTH. CmiaB 
npjiTKen o6jiaaaTb bmcokhmh TexHOJiorifnecKHMH xapaierepHCTHKaMH. 

H3BecTeH cmiaB Ha ocHOBe uhpkohh*, coaepxcaniHH 1-4 Mac. % hho6hx h 0,1 - 0,2 
Mac. % KHCJiopojia, coctojukhh npeHMymecTBeHHO H3 nojiyneHHOH b pe3yjibTaTe Map-reH- 
cHTHoro npeBpameHHH /?-4>a3bi h MejiKooncnepcHOH btophhhoh <J>a3*>i> SoraToft hhoShcm 
(GB, A, 997761). 

H3flenHK, H3roTOBJieHHbie H3 H3Bec™oro cnjiasa, o6jiaaaioT HeaocTaTOHHO iuhpokhm 

KOMIUieKCOM KOpp03HOHHbDC CBOHCTB, B TOM HHCJie HeflOCTaTOHHO BblCOKHM COnpOTHBJlCHH- 
eM HO^'JWpHOH KOpp03HH B KHimmeH BOflC 

H3BecreH cnjias Ha ocHOse iwpkohhji, coAepacamHH b Mac. % : hho6hh 0,5 - 1,5; 
ojiobo 0,9 - 1,5; acejie30 0,3 - 0,6; xpoM 0,005 - 0,2; yrjiepoa 0,005 - 0,04; KHCJiopoa 0,05 - 
0,15; KpeMHHH 0,005 - 0,15, npnneM, CTpyicrypa cnjiasa npeflCTaBJmeT co6oh MeTanjinne- 
CKyio MaTpHuy, ynpoHHeHHyio hho6hh- h Hcejie3ocoAepxcamHMH HHTepMeTajunmaMH c o6t>- 

CMHblM COAepXCaHHeM CyMMbI HHTCpMCTaJUl HAOB 

Zr(Fe,Nb) 2 + Z^Fe^Cr^Nb) + (Zr y Nb) 3 Fe He MeHee 60% ot o6mero coaepxcaHHfl >Kejie- 

30COflep>KaiUHX HHTepMCTaJUlHJIOB npH paCCTOHHHH mokay HHMH 0,3 ± 0,09 MKM (RU, A, 

2032759). 
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tbnejiHfl, H3roTOBJieHHwe H3 H3Bec™oro ciuiaBa, oGjiaaaioT bwcokhmh npoHHocrHti- 

MH XapaKTepHCTHKaMH, COnpOTHRJieHHK) pajOHaUHOHHOMy pOCiy, nOJI3yHeCTH, KOpp03HOHHOH 
CTOHKOCTbK). OflHaKO, K0ppO3HH B BOAHHOH Cpefle H3fleJIHH, H3rOTOBJieHHbDC M3 H3BCCTHOrO 

ciuiasa, npoTeicaeT c o6pa30BaHHCM 6anee tojictlix okhcjiob, b neM ycrrynaeT npe/inaraeMO- 
My cruiaBy. 

HssecTeH ciuiaB Ha ochobc impKOHiw, coaepaeaumH b Mac. % : hho6hh 0,8 - 1,3; ace- 
Jie30 0,005 - 0,025; KpeMHHH MeHee 0,012; yrjiepoa MeHee 0,02; KHCJiopoa MeHee 0,16; oc- 
TaJii»Hoe — uHpKOHHH (EP, A, 0720177A1). 

flaHHoe TexHHHecKoe pemeHHe, Kaic HaH6ojiee 6jiH3Koe no tcxhkhcckoh cymHocra k 
3aaBJieHHOMy, Bw6paHo b KanecTBe npoTOTHna. 

H3nejiH^, H3roTOBJieHHBie H3 H3BCCTHoro cruiasa, oS/iajiaioT HeaocTaTOHHo innpoKHM 

KOMIUieKCOM KOpp03HOHHBIX H MexaHHHeCKHX CBOHCTB. IIOHHXCeHHOe COiiepacaHHe HH06HH H 

Hcejie3a He no3BOJiaeT nojiyHHTb CTpyiaypy, KOTopas o6ecneHHBaeT ciuiaBy BbicoKyio Koppo- 
3HOHHyio cTOHKocn,, oco6eHHo, conponiBJieHHe HcziyjiapHOH Koppo3HH, npo*iHOCTb, conpo- 
THBJieHHe noji3yHecTH h paonaiiHOHHOMy pocny. 

PacKpbiTHe H3o6peTeHHji 
B ocHOBy HacTo«mero H3o6pcreHHH nocTaBJieHa 3anana co3aaTb cnnaB Ha ochobc 

UHpKOHHH WX 3JieMeHTOB aKTHBHOH 30HM aTOMHbDC peaKTOpOB, H3XieJIH5I H3 KOTOpOTO o6jia- 
flaiOT CTa6HJIBHbIMH CBOHCTBaMH, TaKHMH KaK KOpp03HOHHaH CTOHKOCTb, IlpOHHOCTb, COnpO- 

THBjieHHe pajmaimoHHOMy pocry h nojreynecTH, bmcokhm conpoTHBJieHHCM HoayjrapHOH 
Koppo3HH, no3BOJi5nomHMH noBbicHTb pecypc pa6oTbi wzjxcium b aicraBHOH 30He aTOMHoro 
peaicropa. 

IlocTaBJieHHM 3aaana peinaeTca tcm, hto ciuiaB Ha ocHOBe uhpkohh* win 3jieMeHTOB 
aKTHBHoft 3ohbi aTOMHbix peaKTopoB, coaepacamHH hho6hh, acejieso, KHCjiopoa, yrjiepoA, 

KpeMHHH, COrjiaCHO H306peTCHHK), TOnOJIHHTeJlbHO COflepHCHT HHKejIB IIpH CJieityK)meM CO- 
OTHOmeHHH KOMIIOHCHTOB, B Mac. % I 



hho6hh 


0,5 


-3,0 


wejie30 


0,005 


-0,5 


KHCJIOpOA 


0,03 


-0,2 


yrjiepoa 


0,001 


-0,04 


KpeMHHH 


0,002 


-0,1 
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HHKenb 0,003 - 0,02 

UHpKOHHH OCTaJIbHOe, 

a cTpyicrypa cruiaBa aonojiHtrrenbHO cOAepxarr nacTHUbi f$ Nb-<|>a3bi pa3MepoM Me- 
} Hee 0,1 mkm c coAep^caHHeM b Heft hho6hh 60 - 95 %, paBHOMepHo pncnpejieJieHHbie b a- 

5 TBepaoM pacTBope. CTpyioypa TaioKe MOxceT aonojiHHTejibHo ccxaepacaTb Hacrnubi HHTepMe- 
TajuiimoB Zr-Fe-Nb. pa3MepoM MeHee 0,3 mkm. 

CruiaB MoaceT conepxcaTb KOMnoHeHTbi npH cjicoyioiueM cooTHOiueHHH, b Mac. % : 
hho6hh 0,5 - 3,0 

Hcejie30 0,005 - 0,02 

l o KHCJiopofl 0,03 - 0, 1 2 

yrriepoii 0,001 - 0,02 

KpeMHHH 0,002 - 0,02 

HHKejib 0,003 - 0,02 

UHpKOHHH OCTaJIbHOe, 

15 npH conepncaHHH hho6ha b nacrauax /? Nb-<|>a3bi 75 - 95 %. 

CiuiaB MOHceT coflepncaTb KOMnoHCHTbi npH cjienyioiueM coothouichhh b Mac.% : 

hho6hh 0,5 - 3,0 

acejie30 0,02 - 0,5 

KHCJiopca 0,03 -0,12 
20 yniepon 0,001 - 0,02 

KpeMHHH 0,002 - 0,02 

HHKejib 0,003 - 0,02 

UHpKOHHH OCTaJIbHOe, 

npH cooTHouieHHH acejie3a k hhoGhio 0,05 - 0,2. 
25 CnnaB mohcct coaepacaTb kom noHe htli npn oneiiyiomeM coothouichhh b Mac. % : 

0,5 - 3,0 
0,005 - 0,5 
0,1 -0,2 
0,001 -0,02 
0,002-0,1 
0,003 - 0,02 



hho6hh 

) >Kene3o 



KHCJIOpOfl 

yr/iepoA 

30 KpeMHHH 
HHKCJIb 
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UHpKOHHH OCTaJIBHOe, 

npH co^epHcaHHH b Hacroixax p Nb-4>a3bi 75 - 95 % hho6ha, a a-pacraop zionojiHH- 
TejifaHo ynponeH KHCJiopoaoM. 

npeano^ceHHBm cruiaB, b otjihhhc ot npoTOTHna, no3BOJi*eT noJiyHHTb oirrHManbHoe i 
5 cTpyKTypHO-<|>a30Boe cocrojiHHe, oGecneHHBaiomee bmcokhci Koppo3HOHHyio ctomkoctb b 
BO^e h b cpezie BOOHHoro napa, npoHHocTb, coiipothbjichhc nojreyHecra h pajmauHOHHOMy 
pociy. 

H3roTOBJieHHe H3flejiHH H3 npezuioaceHHoro crmasa nyreM 6ojiee tohhoid Bbi6opa co- 
oTHomeHHH BxoiwmHx b cruiaB komiiohchtob no3BOJiaeT co3aaTB onpe^ejieHHyio CTpyicrypy 

10 cimaBa b roTOBtix H3ziejiiiax, KOTopaa coaepaarr cr-TBepju>iH pacTBop uhpkohhh, paBHOMep- 
ho pacnpeziejieHHMe MejiKOOTcnepcHbie Hacraubi paBHOBecHOH J3 Nb-4>a3Bi, TBepnoro pac- 
TBopa UHpKOHHH b hho6hh c o6i>eMHOueHTpHpOBaHHOH Ky6HHecKOH peuieTKofl c napaMeT- 
poM a=3, 33 - 3, 35A, c coaepacaHHeM b HeM hho6h* 6ojiee 75 % , hto cooTBCTCTByeT paB- 
HOBecHOMy cocTaBy J3 Nb-4>a3bi. CTpyiaypa MaTepnajia MoaceT TaioKe BKJiiOHaTb mcjiko- 

15 jiHcnpcHbie HacTHm>i HHTepMCTajmimoB Zr-Fe-Nb. 

IlpejuiOHceHHbiH XHMHMecKHH cocTaB cruiaBa h HajiH^me b ero cTpyKType ft Nb-<|>a3bi 
pa3MepoM MeHee 0,1 mkm c cozieptfcaHHeM b Hen 75 - 95 % hho6hh o6ecnennBaeT co3flaHHe 
paBHOBecHoii h BbicoKOOTcnepcHoft cTpyierypbi, hto cnoco6cTByeT yBejiHHeHioo cTaSmibHO- 

CTH CBOHCTB H3HCJ1HH, OCo6eHHO K0pp03H0HH0H CTOHKOCTH H lUiaCTHHHOCTH, B npOUeCCe 
20 3 KCIUiyaTaUHH . 

KojiHHecTBO huo6uh 75 - 95 % b f} Nb-4>a3e o6ecneraBaeT ee pasHOBecHOCTb h 
OTcnepcHocTb MeHee 0,1 mkm. Taxaa CTpyicrypa oSecneHHsaeT ciuiasy BbicoKyio Koppo3HOH- 

HyiO CTOHKOCTb B BblCOKOTCMIiepaTypHOH BOfle H IUiaCTHHHOCTb. YHHTblBaH, HTO KOpp03HOH- 
H&L CTOHKOCTb XBJUieTCJI OCHOBHOH 3KCIIJiyaTaUHOHHOH XapaKTCpHCTHKOH UHpKOHHeBblX H3- 

25 aejiHH, Hcnojib3yeMbix b aKTHBHOH 30He RAepHbix peaicropoB, CTpyiaypa cruiaBa, coaepaca- 
inaa fi Nb-<|>a3y paBHOBecHoro cocTasa, o6ecneHHBaeT totobbim h3acjir3m bhcokhc Koppo- 

( 

3HOHHbie XapaKTepHCTHKH B BblCOKOTCMIiepaTypHOH BOAe. 

Bbi6op cooTHOuieHHA Mcejie3a k hho6hk> MeHee 0,2 no3BOJiaeT o6ecnenHTb nonojiHH- C 
TejibHoe BbwejieHHe nacTHu aceJie3ocoAepxcauiHx HHTepMeTajuinnoB Zr-Fe-Nb pa3MepoM 
30 MeHee 0,3 mkm, paBHOMepHo pacnpeziejieHHbix b a -TBepziOM pacTBope, hto cnoco6cTByeT 
yBejiHHeHHio npoHHOCTHbrx xapaicrepHCTHK b npouecce 3KcruiyaTauHH h3acjihh. KpoMe Toro, 
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npHcyrc-TBHe b cipyicrype cimasa HHTepMerajunmoB Zr-Fe-Nb cnoco6cTByeT noBunieHioo 
conpoTHBJieHHH cruiaBa HojryjiapHOH Koppo3HH b ycjioBiwx KHneHHH, conpoBoacaaiomeecfl 
yroHeHHeM ctchkh h nmpHposaHHeM o6ojiohkh, a Taxace o6pa30BaHHeM tojictmx okhchbdc 
imeHOK, cHioKaiomHx TeruionpoBOflHocTb o6ojiohkh. ITpHcyTCTBHe b cTpyiaype cruiaBa hh- 
TepMexaiuiHflOB Zr-Fe-Nb cmcKaer ckjiohhoctb cruiaBa k HozryjiapHofi Koppo3HH b 1,5-2 
pa3a. 

npH ysejiMHeHMH cooTHoineHiw »ene3a k hho6hk> Bbnne 0,2 He BbinepacHBaeTca co- 
CTaB P Nb-(J)a3bi, to ecn, kojihhcctbo hho6iw b ft Nb-$a3e yMeHbuiaeTca, h KaK cjieacTBHe 
3Toro, yMeHbiuaercB CTa6iuibHOCTb KOppo3HOHHbix cbohctb. 

y b e jiHMeHH e cojiep>KaHHH KHC.nopo.aa b cimaBe noBbiinaeT conpoTHBJieHHe nojnyne- 
cth h paimauHOHHOMy pocTy npn pa6oHHX TeMnepaTypax b 2.5 - 6 pa3. Bojiee BbicoKoe co- 
npoTHBJieHHe nojnynecTH coxpaiweTca h b HeirrpoHHOM none. Kpoiwe toto, npHcyrcTBHe 
KHCJiopoaa CTa6HJiH3HpyeT Koppo3HOHHyK) CToftKOCTb h aejiaex ee MeHee 33bhchmoh ot pe- 
hchmob ropjmefi o6pa6oTKH h TepMoo6pa6oTKH. npn stom noBbnnaiOTca h CTa6miH3HpyioTcs 
Koppo3HOHHbie h npoHHOCTHbie xapaicrepHCTHKH cnnaBa 3a cneT ynpoiHeHHa a -TBepaoro 

paCTBOpa KHCJIOpOflOM. 

JlynuiHH BapHaHT ocymecTBJieHHa H3o6peTeHna. 
JXnx JiyHiiiero noHHMamu H3o6peTeHiw hhjkc npHBcaeHbi KomcpeTHwe npHMepbi ero 

BbmOJIHeHHS. 

IlpHMep 1. 

H3 cruiaBa, no H3o6peTeHHK>, 6buiH H3 roTOBJieHbi cjihtkh mctoaom BaicyyMHO- 
flyroBofi ruiaBKH. YicasaHHbie cjihtkh 6buiH noflBeprHyrbi no.THOMy nepeaejiy, HMHTHpyio- 
meMy H3roTOBjieHHe nojry<J>a6pHKaTOB, a hmchho, ropaHefi ae^opMauHH (kobkc, npoicaTKe), 
P -3aKajnce, npeccoBarouo b BepxHen nac™ a -oojiac™ h aanee xojiojiHOMy nepeaejiy c 
npoMOKyroHHbiMH a -oTacnraMH, hto no3BOJiaeT nojryMHTb CTpyKTypy c Heo6xonHMbiM Ha- 

6opOM <J)a3, nOBbllliaiOmHX KOpp03HOHHyK> CTOHKOCTb H npOHHOCTb, OCHOBHaa flOJIS KOTO- 

pbix na^aeT Ha p Nb-<J>a3y pa3MepoM He 6o;iee 0,1 mkm c coaepHcaHHeM b Heft 75 - 95 % 

HHOOHH. 

H3o6pereHHe HjunocTpHpyerca npHMepaM h, npHBefleHHMMH b Ta6jiHuax 1, 2, 3. B 
Ta6jiHue 1 aaHbi cocraBbi cnjiaaoB no H3o6pexeHHK> h noTOTHny. B Taojmue 2 npHBeaeHbi 
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x apaicrepHCTHKH /?Nb-<|>a3M. B xa6jraue 3 npeAcrasjieHbi cBOHCTsa 3thx ciuiaeoB. CiuiaB no 
npoTorany iraroTaBJiHBaJiCH no TCXHOJiorHH, 3a*BjieHHOH b naxeHTe. 



Ta6jiHua 1 



XsNs 


JlerHpyiomHii KOMnoHem, Mac. % 


CTpyioypa 


o6pa3- 
ua 


HHO- 

6hh 


30 


KHC- 
JIO- 


yrne- 
pozi 


KpeM 

HHH 


KeJIB 


1 


1,1 


0,01 


0,1 


0,008 


0,006 


0.005 


a-TBepm>iH pacTBop, 
pNtwJ>a3a. 


2 


2,5 


0,01 


0,1 


0,009 


0.008 


0.003 


a-TBepzp>iH pacTBop, 
PNb-^aaa. 


3 


2 5 


0 5 


0 05 


0 02 


0 02 


0 006 


a-TBep^biH pacTBop, 
pNb-$a3a, HHTepMe- 
Tajummbi Zr-Fe-Nb. 


4 


2,0 


0,1 


0,03 


0,001 


0,002 


0,02 


a-TBep^LiH pacTBop, 
PNb-<t>a3a, HHTepMe- 
TajuiH^fci Zr-Fe-Nb. 


5 


1,5 


0,01 


0,2 


0,015 


0,005 


0.02 


ynpoHHeHHBiii O2 
a-Tsep^biH pacTBop, 
piND-<pa3a. 


6 


0,5 


0.005 


0,15 


0.04 


0,1 


0,02 


ynpoHHeHHMH 0 2 
a-TBep^tiH pacTBop, 
PNb-4>a3a. 


7 


0,4 


0,004 


0,02 


0,01 


0,01 


0.008 


a-TBepA^iH pacTBop, 


8 

npoTO 
ran 


0,8 


0,005 


0.1 


0.001 


0,005 




a-TBep^wH pacTBop, 
BTopan 4>a3a 
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Ta6jiHua 2 





XapaicrepHCTHKa nacTHU y9Nb-4 >a3M B Ma-repHane roTOBoro ma&ma 


o6pa3- 


Pajiwep nacTHU, mkm 


PaccroflHHe Mexcny 


CoaepjKaHHe Nb b nac- 


UOB 




HaCTHIiaMH, MKM 


-nmax /?Nb-(J)a3bi, % 


1 


0,04 


0,15-0.20 


85 


2 


0,05 


0,12-0.15 


90 


3 


0,08 


0,12-0.17 


85 


4 


0,06 


0,12-0.15 


85 


5 


0,06 


0,12-0,17 


80 


6 


0,03 


0,18-0,20 


75 


7 








8 









Ta6jiHua 3 





CKopocn> ncwrey- 


IlpHBec b BOfle aB- 


fle(|>opMaiiHfl paniiauH- 


o6pa3- 


MeCTH, 


TOKnaBa npH Te.\ine- 


OHHoro poena npH <J>jno- 


UOB 


cr =100MPa 


pa-rype 350°C , aaB- 


eHce 5,4. 10 26 m -2 




npH 350°C, %/nac 


neHHH 168 Pa, 3a 


(E>0,1 M3B)% 






3000 lac, Mr/aM 2 




1 


3,3-lG- 4 


35-40 


1,50-1.70 


2 


2,0.10^ 


40-45 


1,10-1,30 


3 


6,0. 10 " 5 


35-40 


0,40-0,45 


4 


9,0. 10" 5 


35-40 


0,70-0,8 


5 




37-42 


0,85-0,95 




7,0.10' s 




6 




45-50 


1,50-1,70 




U8.10- 4 




7 


65-75 


2,00-2,20 


8 


7,0.10-* 




50-65 


1,75-1,90 




4,5.1c- 4 







KaK bhaho H3 npHBCzicHHbix npMMcpoB, npH coaepHcaHHH hho6hh HHHce 0,5 Mac. % 
(npHMep 7) BbwejieHHH P Nb-<}>a3bi He HaSmoixaeTca, hto oTpHuaTejibHO CKa3biBaeTCH Ha 
koppo3hohhoh ctohkocth cruiaBa. Taic, npHBec o6pa3ua b BOAe aBTOKJiaBa cocTaBHJi 65 - 75 
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Mr/flM 2 BMecrro 35 -50 mi7am 2 JW* cruiaBOB c /? Nb-4>a30H. KpoMe Toro, Ha Koppo3HOHHwe 
cBOHdBa BJiiutCT pa3Mep nacxHu P Nb-$a3w, paccTOKHHe MOK^y hhmh, o6-beMHaa nana 
nacTHU, a rjiaBHoe, coaepacaHHe b hhx hho6ha. HaH6ojiee 6jiaronpH*THbiMH c tohkh 3peHH* 
coneTaHHa cbohctb hbjuootc5i cocTasbi cruiasoB no npHMepaM 1, 2, 3, 4, 5, 6. B cnnaBax no 
npuMepaM 1 h 2 CTpyicrypa coiiepHarra-TBepiibiH pacTBop c BbwejieHHflMH fi Nb-<J>a3bi, 
pa3MepOM He 6ojiee 0,05 mkm h coaepxcamieM b Heft hho6h* 85 -90 %, hto cooTBeTCTByeT 
pasHOBecHOMy cocraBy P Nb-4>a3bi, Koppo3HOHHaa ctohkoctb 3thx cnnaBOB Bbnne, HeM y 
cruiaBa c 3anpe,aejibHbiMH 3HaneHHHMH hho6ha h Hcejie3a ( npHMep 7) h npoTornna ( npnMep 
8). 

Cnjiasbi no npHMepaM 3 h 4 aonoJiHHTeJibHO coaepacaT HHTepMeTamnmbi Zr-Fe-Nb ( 
npHMep 3 c cooTHomeHHeM 3KeJie3a k hho6hk> pasHbiM 0,2 ; npHMep 4 c cooraoineHHeM ace- 
jie3a k hho6hk> — 0,05 ), KOTopwe flonojiHHTejibHO ynponmnoT MaTpraiy cruiaBa, noBbnnaa 

npH 3TOM He TOJIbKO KOpp03HOHHbie CBOHCTBS, oco6eHHo COnpOTHBJieHHe HOz^y-^PHoft Kop- 

po3HH, ho h conpoTHBJieHHe nojreynecTH h fle(J)opMauHK paziHauHOHHoro pocTa ( Ta6jiHua 3). 

Cnnas no npHMepy 5 aonoJiHHTejibHO conepaoiT noBwmeHHoe (0,2 Mac. %) KOJiHHe- 
ctbo KHCJiopoaa, hto nosbimaeT conpoTHBJieHHe nojrcynecTH h paHHauHOHHOMy pocTy, cTa- 
6HJiH3HpyeT Koppo3HOHHyio cTOHKOCTb 3a cneT ynpoHHeHHM a -MaTpmjbi ( TaGjiHua 3 ). 

CmiaB no npHMepy 6 coaepxcHT noBbnneHHoe KOJiHHecTBo KHCJiopona h MHHHMajib- 
Hoe 3HaneHHe no hho6hk>, 3TO npHBOAHT k chhhcchhio KOJinnecTBa /3 Nb-<|>a3bi b CTpyic- 
Type, oflHaKo H3-3a Toro, hto Hacraubi J3 Nb-<|>a3bi oneHb ancnepcHbie (0,03 mkm ) h paBHO- 
BecHoro coerasa ( 75 % hho6hh ), a a -TBepabift pacTBop ynpoHHeH KHCJiopoflOM, xapaicre- 
Phcthkh 3Toro cruiaBa Haxo^WTCH b flonycTHMbix npeaejiax no 3KciuiyaTauHOHHbiM Tpe6oBa- 
hham. CTpyicrypa MaTepHana, KOTopbifi MoaceT 6brrb nonyneH H3 cnjiasa no npoTorany, He 
npHBOOTTca. Bepo«THO, b aaHHoft CTpyioype cocraB BTopoft 4>a3bi HepaBHOBecHbift. rio3TOMy 
cBOHCTsa MaTepHana H3 ciuiasa no npoTorany ycrrynaiOT CBoftcTBaM npejuioaceHHoro Mare- 
pnajia. 

y npoHHeHHe a -TBep;xoro pacTBopa khcjiopoaom aonojiHHTejibHO noBbimaeT npon- 
HocTb, conpoTHBJieHHe nojoynecTH h cTa6HjiH3HpyeT Koppo3HOHHyio CTofncocTb. 

TaKHM o6pa30M, Hcnojib30BaHHe npeAnaraeMoro cruiaBa no3BOJiaeT nojryHHTb H3^e- 
jine c onHopojiHOH CTpyierypofi H MejiKOAHcnepcHbiM h pasHOMepHbiM pacnpenejieHHeM b 
Heft nacTHU fi Nb-4>a3M paBHOBecHoro cocTaBa. B pe3yjibTaTe 4>opMHpoBaHH* TaKoft CTpyic- 
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Typw MaTepHaji mnemvi hmcct BbicoKoe conpoTHBJieHHe Koppo3HH, pajmaitfioHHOMy pocTy 
h noji3yHecTH. ripHcyrcrBHe b CTpyicrype ciuiasa HHTepMeTaanaaoB Zr-Fe-Nb h HajiMHMe 
Hcejie3a h hho6h* b a -TBepflOM pacTBope cnoco6cTByeT noBbiiueHHio cqnpoTHBjieHHfl cruia- 
Ba nojnynecTH h paaHaimoHHOMy pocny. 

FIpOMblUIJieHHaH npHMeHHMOCTB. 

HaH6ojiee a^^eKTHBHO Hacrojimee H3o6pCTeHHC MO^ceT 6biTb npHMCHCHO xum H3ro- 
TOBJieHRH H3ziejiHH, Hcnojit3yeMbix b aKTHBHOH 30He aTOMHbix peaicropoB. KpoMe Toro, yxa- 

3aHHbIH CIUiaB MOMCeT 6bITb HCnOJIb30BaH B XHMHMeCKOH npOMblUUieHHOCTH, B MeZtfiUHHCKOH 

npoMbniiJieHHocTH h zpyrux o6jiacTHX tcxhhkh, rue Tpe6yK)TCH Bbicoicafl Koppo3HOHHan 
ctohkoctb, imacTHHHOCTb, conpoTHBJieHHe pa3pymeHHK) H BblCOKaa pajlHailHOHHail CTOH- 

KOCTb. 
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OOPMYJ1A H30BPETEHHH 

1. CruiaB Ha ocHOBe impKorara juix 3JieMeHTOB 3Kthbhoh 3ohbi htomhmx peaicropoB, 
coaep^camHH hho6hh, »cejie30, KHCjiopoji, yrjiepofl, KpeMHHH, h xapaKTepH3yioiimHca cTpyic- 
rypoH, coflep^camefi a -TBepijbm pacTBop impKOHHa, oTJiHnaiomHHca xeM, hto cmias co- 
iiepHCHT HHKCJib npH cnejjyioiueM cooTHomeHHH KOMnoHeirroB, b Mac. % : 

hho6hh 0,5 - 3,0 

aceneso 0,005 - 0,5 

KHCJiopon 0,03 - 0,2 

yniepoa 0,001 -0,04 

KpeMHHH 0,002-0,1 

HHKejib 0,003 - 0,02 

UHpKOHHH OCTaJIBHOe, 

a CTpyicrypa cmiaBa flonomnrrejibHO conep^cHT Hacraubi f3 Nb-<|)a3bi pa3MepoM Me- 
Hee 0,1 mkm c coflep^caHHeM b Heft hho6hh 60 - 95 %, paBHOMepHo pacnpeaejieHHbie b <x- 
TBepaoM pacTBope. 

2. ClIJiaB Ha OCHOBe UHpKOHHH HJISI 3J1CMCHTOB aKTHBHOH 30HW aTOMHbDC peaKTOpOB 

non. l,oTJiHHaiomHHca TeM, hto ero cipyierypa flonojiHirrejibHO coAepaorr nacTHUbi 
HHTeprvteTajuiHjxoB Zr-Fe-Nb. 

3. CruiaB Ha OCHOBe impKomu zum 3JieMeHTOB aKTHBHOH 30Hbi aTOMHbix peaicropoB 
non. 1, oTJiHHaiomHHCH xeM, mto oh coaepHCHT yKa3aHHbie KOMnoHeHTbi npH cjie- 
AyiomeM cooTHomeHHH, b Mac. % : 

hho6hh 0,5 - 3,0 

aceneso 0,005 - 0,02 

KHCjiopofl 0,03 - 0, 1 2 

ymepoA 0,001 -0,02 

KpeMHHH 0,002 - 0,02 

HHKenb 0,003 - 0,02 

UHpKOHHH OCTaJIBHOe, 

npn coAepxcaHHH hho6ha b nacTHuax /? Nb-<t>a3bi 75-95%. 

4. CruiaB Ha ocHOBe UHpKOHHH zuw 3JieMeHTOB aKTHBHOH 30HM aTOMHbix peaicropoB 
non. 2, OTJiHHaiomHHca xeM, hto oh coAepncHT yxasaHHbie KOMnoHeHTbi npn cue 
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aywmeM cooTHomeHHH b Mac. */ : 

hho6hh 0,5 - 3,0 

>Kejie30 0,02 - 0,5 

J KHCJiopoji 0,03 -0,12 

5 yraepan 0,001-0,02 

KpeMHHft 0,002 - 0,02 

hhkcjii> 0,003 - 0,02 

UHpKOHHH OCTaJIBHOe, 

npn cooTHomeHHH )Kejie3a k hho6hk> 0,05 - 0,2. 
10 5. CruiaB Ha ocHOBe iwpkohhh jwi ajieMenroB aicrHBHOH 3ohm aTOMHbix peaicropoB 

no nn. 1 hjih 2, OTJiHHawmHftca tcm, hto oh conep>KHT yica3aHHbie KOMnoHeHTbi npn 
cjiejtyioineM cooTHOineHHH b Mac. % : 



hho6hh 


0,5 


-3,0 


acejie30 


0,005 


-0,5 


KHCJIOpOfl 


0,1 


-0,2- 


yrjiepoa 


0,001 


-0,02 


KpeMHHH 


0,002 


-0,1 


HHKCJlb 


0,003 


-0,02 


UHpKOHHH 


ocTajibHoe, 



20 npn coaepxcaHHH hho6h* b nacTHuax p Nb-4>a3bi 75-95%, a a-TBepzibm pacTBop jxo- 

nojiHHTejibHO ynpoHHeH KHcnopoflOM. 

6. CruiaB Ha ocHOse impKOHiui jsjih 3jicmchtob hicthbhoh 3ohbi aTOMHbix peaicropoB 
no jno6oMy H3 nymeroB 2 hjih 4 hjih 5, OTjiHHaiomHHc* TeM, hto pa3Mep Hacrau hh- 
TepMCTajuiHAOB Zr-Fe-Nb MeHee 0,3 mkm. 
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1. OcHOBa 3aKJiH)HeHHn 



I. 3/ieMeHTbi MOKiiyHapoiiHOfl 33jibkh;* 

|y | MOJcayHapoAHaii 3a*BKa b tom Bnae, b kotopom OHa 6buia noaaHa 
ormcaHHe: 



CTpaHHUbi 
CTpaHHUbi 
CTpaHHUbi 

["""*] (fropiviyjia H3o6peTeHHa: 

CTpaHHUbi 
CTpaHHUbi 
CTpaHHUbi 
CTpaHHUbi 



nepBOHanajibHo noaaHHbie 
noaaHHbie BMecrre c Tpc6oBaHHCM, 
noAaHHbie c nncbMOM ot 



nepBOHanajibHO noiiaHHbie 

noiiaHHbie (BMecre c o6i»flCHeHHJiMH) no CTaTbe 19 
noiiaHHbie BMecre c Tpe6oBaHneM, 
noiiaHHbie c nncbMOM ot 



| | nepTOKn: 



CTpaHHUbi 
CTpaHHUbi 
CTpaHHUbi 



nepBOHanajibHO noiiaHHbie, 
noiiaHHbie BMecre c Tpe6oBaHHeM, 
noiiaHHbie c nncbMOM ot 



| | nacTb onucaHHfl, Kacaiomaaoi nepenHH noc;ieiioBaTeJibHOCTefi: 

CTpaHHUbi nepBOHananbHO noiiaHHbie, 

CTpaHHUbi noiiaHHbie BMecre c TpeooBamieM, 

CTpaHHUbi noiiaHHbie c nncbMOM ot 



2. Bee OTMeneHHbie Bbiwe 3JieMeHTbi 6buin noiiaHbi b HacToaiuHfl OpraHy H3H3MajibHO hjih 6buiH npeiiCTaBJieHbi Ha H3biKe, 
Ha kotopom Gbijia noiuma MOiaiyHapoiiHaA 3a«BKa, ecjin HHoe He yKa3aHO b aaHHOM nyHicre. 

3th 3JieMeHTw owjih noaaHbi b HacTOHUiHfi Opran hjih 6mjih npeacTaBjieHbi Ha cjieayiouieM «3biKe 

KOTOpblH JIBJlHeTCfl: 

Q]fl3biKOM nepeBOiia. npencTaB/ieHHoro iuia uenefi MOicayHapoiiHoro noucKa (npaBHJio 23.1 (b)). 
[^jtcukom nyOJiHKauHH MencayHapoiiHOH 33jibkh (ripaBHJio 48.3 (b)). 

| [ aibiKQM nepeBoaa. npeiicTaBJieHHoro iuui uejiefi MeatuyHapoiiHOH npeABapm-ejibHOH 3KcnepTH3bi 
(flpaBiiJio 55.2 h/h/ih 55.3). 

3. OTHOCHTejibHO JiioSofi iiocjienoBare-nbHOCTH HyKJieoniaoB h/hjih aMiiHOKiiciiOT, coiiep>KauieHCJi b MOKiiyHapoii- 
Hofi 3a«BKe. MeacayHapoimaa npeflBapirre/ibHafl 3KcnepTH3a 6buia npnoBeneHa HaocHOBe nepenHH nocjieAOBaTejibHocrefl: 

coaepwamerocfl b MOicayHapoiwofi 3a*BKe b nncbMeHHofi <J)opMe. 
noiiaHHoro BMecTe c MeHcayHapoflHofi 3ewbkoh b MauiHHOMHTaeMofi (j)opMe. 
npeacTaBjieHHoro no3>ice b HacroauinR OpraH b nncbMeHHofi (|)opMe. 
npe/icTaB/ieHHoro no3>i<e b HacTOfliUHfi OpraH b MauiHHOHHTaeMoR (J)opMe. 

ripeiicTaB^eHo yTBep>KiieHHe o tom, mto no3>Ke npe.acTaB.neHH bin nepeqeHb noc^eiioBaTejibHOCTefi b nucbMeHHOH 
(|)opMe ne BbixoiiHT3a npcae/ibi pacKpbiToro b Me>KiiyHapoiiHofi 3a«BKe b tom BHiie, b KaKOM OHa 6buia nonaHa. 
jT^ripeiiCTaBJieHO yTBep>KiieHHe o tom, hto HH(J)opMauHfl, 3anHcaHHaa b MauiHHOHHTaeMOfi (J>opMe, HaeHTHMHa 
nepeMHio nocjieiioBaTejibHocrefi b nncbMeHHoR (J)opMe. 

| | M3MeHeHHH npHBejin k htuithio: 
CTpaHHU onncaHH5i 
nyHKTOB {J)opMynw JV2X2 
CTpaHMUbi/cj)Hr. nepTOKefi 

I I HacToaiuee 3aicnK)HeHHe cocTaBJieHO 6e3 yneTa (HeKOTOpbix ) H3MeHeHHft, tok KaK ohh BbixozmT 3a paMKH nepaoHa- 
nanbHO noiiaHHbix MaTepnanoB 33jibkh, Kan yKa3aHO Ha iionojiHHTejibHOM JiHcre (DpaBHJio 70.2(c))** 

3oAfeHxtott{ue Jiucmbi. tcomopbie 6binu npedcmae/ienbi e nojiyvatoiyee eedoMcmeo e omeem na ezo npednootcenue e co- 
omeemcmeuu co Cmamt>eu 1 4. paci4eHueaiomcfi e Oqhhom jafuuoueHuu kqk "nepeOHaucuibHO nodauHbie " u ne npwuiadbi- 
eatomcn k 30K.ntoneHuto. nocKonbtcy ohu He codep^cam ucnpaenemiu (f7paewio 70.16 u 70. 1 7) 
* .fliooou 3CL\teHfuou{itu mtcrn, codepjfcaufuu maKue tOMeneHux, OonoiceH Obimb pacCMompen e coomeemcmeuu c nyHKmoM 
I it npwio.vceH k daHHOMy 3aKntoueHUto. 
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3AKJQOHEHHE 3KOIEPTH3M 

i 


MeacoyHapoiiHaH 3a*BKa N° 
PCT/RU 99/00368 


V. YTBepMcaeHMe b cootbctctbhh co ct. 35(2) b othouichhh hobmshw, M3o6peTaTejibCKoro ypoBHn h npoMbiuuieHHOH 
npHMeHHMOCTn; ccbiJiKH h noHCHeHHH, noiiKpenjiHiouiHe TaKoe yTBepacaeHHe 


1. YTBep>KiieHHe 








HOBM3Ha (N) 


IlyHKTbl 


1-6 


UA 




IlyHKTbl 




HET 


M3o6peTaTejibCKHH ypoBeHb (IS) 


nyHKTbi 


1-6 


JXA 




riyHKTbi 




HET 


ripOMbllllJieHHafl npHMCHHMOCTb (IA) 


IlyHKTbl 


1-6 


flA 




nyHKTbi 




HET 



2. CcbiJiKH h noacHeHHi! (npaBHJio 70.7) 

npn cocTaBjieHH^i oTHeTa Hcnojib30BajiHCb cueiiyiomHe xioKyMeHTbi: 

Dl-EP 0720177 A 

D2- RU 2032759 CI 

D3-EP 0538778 Al 

D4- EP 0532830 A 

D5-US 5366690 Al 

D6- US 5125985 A 

D7-JP 01301830 A 

B HCTOHHHKax D2-D7 npHBeaeHbi cocraBbi cnnaBOB Ha ocHOBe uhpkohh*, b KOTopwx np HcyTCTBy eT 
hho6hh, >Kejie30, KHCJiopozi, ymepoa h KpeMHHfi. B cruiaBbi, cornacHO hctoh h hksm D3, D6 h D7, 
iionoJiHHTejibHo BBeneH HHKejib (b D3 coaepacaHHe hhkcjih paBHO 0,16-0,40% no Becy, b D6- 0,07-0,28% no 
Becy, a b D7- npH6jiH3HTejibHO 0,1%). 

HaH60Jiee 6J1H3KHM CITJiaBOM Ha OCHOBe lUipKOHHfl flJIfl H3rOTOBJieHH5I 3JieMeHTOB aKTHBHOH 30HbI 

peaicropoB HB^fleTCH cruiaB, onHcaHHbiH bDI h coaepacaiuHH 0,8-1,3% no Becy hho6ha, 50-250ppm >Kejie3a, 
MeHee 1600ppm KHCJiopoaa, MeHee 200ppm yrjiepoaa, MeHee 120ppm KpeMHHa. 

npezuiOH<eHHbiH cnjiaB OTjiHnaeTca ot cnjiaBa, onncaHHoro b Dl TeM, hto coaepacHT HHKejib b 
KOJiHHecTBe 0,003-0,02%, a TaK>Ke TeM, hto CTpymypa cruiaBa coaep>KHT nacTHUbi P Nb- (J)a3bi pa3MepoM 
MeHee 0,1 mkm c coaepacaHHeM b Heft hho6hh 60-95%, paBHOMepHo pacnpeaejieHHbie b a- TBepziOM 
pacTBope. 

YKa3aHHbie OTJIHHHfl n03BOJIHK)T nOJiyMHTb CTa6HJlbHbie CBOHCTBa, TaKHe KaK KOpp03HOHHafl CTOHKOCTb, 

npoMHOCTb, conpoTHBJieHHe paaHauHOHHOMy pocTy h - nojnynecTH, a TaKace yjiynmaioT conpoTHBjieHHe 

HOflyJlflpHOH KOpp03HH. Hx BJlFWHHe Ha nOBblUieHHe KOpp03HOHHOH CTOHKOCTH H rUiaCTHMHOCTH He HBJIHeTCH 

oneBHiiHbiM juih cneuHariHCTa. 

H3o6peTeHne OTBenaeT KpHTepmiM . HOBH3Ha, H3o6peTaTejibCKHH ypoBeHb h 

npoMbiuiJieHHaa npHMeHHMOCTb. 
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Applicant's or agent's file reference 
18930 


mo niDTuro A rTiAM SeeNotificationofTransmittaloflntemational Preliminary 
FOR FURTHER ACTION Examination Report (Form PCT /IPEA/4 1 6) 


International application No. 

PCT/RU99/00368 


International filing date (day /month/year) Priority date {day/month/year) 

08 October 1999 (08.10.99) 22 April 1999 (22.04.99) 


International Patent Classification (IPC) or national classification and IPC 
C22C 16/00, G21C3/07 
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FEDERALNOE GOSUDARSTVENNOE UNITARNOE PREDPRYATIE "VSEROSSIISKY NAUCHNO- 
ISSLEDOVATELSKY INSTITUT NEORGANICHESKIKH MATERIALOV IMENI AKADEMIKA 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



. sheets, including this cover sheet. 



| | This re P ort is als <> accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70. 1 6 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



. sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 


I2SI 


II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 

1 4 November 2000 ( 1 4. 1 1 .00) 



Date of completion of this report 

21 June 2001 (21.06.2001) 



Name and mailing address of the IPEA/RU 



Facsimile No. 



Authorized officer 



Telephone No. 
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International application No. 

PCT/RU99/00368 



I. Basis of the report 



1. With regard to the elements of the international application:* 
the international application as originally filed 

the description: 
pages 
pages 

pages 



□ 



, as originally filed 

, filed with the demand 



, filed with the letter of 



□ 



the claims: 

pages 

pages 

pages 

pages 



__ » as originally filed 

, as amended (together with any statement under Article 19 
, filed with the demand 



□ 



_ , filed with the letter of 



the drawings: 

pages 

pages 

pages 



, as originally filed 
, filed with the demand 



. , filed with the letter of 



I | the sequence listing part of the description: 
pages 

pages 

pages ^ 



, as originally filed 

. , filed with the demand 



m , filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language _ which is- 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)) 

□ the language of publication of the international application (under Rule 48.3(b)) 

the language of the translation furnished for the purposes of international preliminary examination (under Rule 55 2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing- 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 

□ 

the description, pages 

the claims, Nos. 

the drawings, sheets/fig 

5. ["I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
andW17)° rt 03 "° riginally filed " Qnd are not annexed to this 'Wort since they do not contain amendments (Rule 70.16 

**Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step r industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-6 



1-6 



1-6 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 

The following documents were used for establishing the 

present report : 

Dl - EP 0720177 A 

D2 - RU 2032759 CI 

D3 - EP 0538778 Al 

D4 - EP 0532830 A 

D5 - US 5366690 Al 

D6 - US 5125985 A 

D7 - JP 01301830 A 

The D2-D7 disclose compositions of zirconium-based alloys 
containing niobium, iron, oxygen, carbon and silicon. The 
alloys disclosed in the D3 , D6 and D7 further include 
nickel (D3 has a nickel content of 0.16-0.40 wt % while D6 
has a nickel content of 0.07-0.28 wt % and D7 has a nickel 
content of approximately 0.1 %) . 

The closest zirconium-based alloy for producing elements 
for the core of reactors is the alloy described in 
document Dl, said alloy containing 0.8-1.3 wt % of 
niobium, 50-250 ppm of iron, less than 1600 ppm of oxygen, 
less than 2 00 ppm of carbon and less than 12 0 ppm of 
silicon. 

The alloy proposed in this application is different from 
the alloy described in the document Dl in that it contains 
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nickel in an amount of 0.003-0.02 % and in that the 
structure of the alloy contains p Nb-phase particles 
having a size not exceeding 0.1 |im, the structure having a 
niobium content of 60-95 % while the particles are 
uniformly distributed in a a-hardness solution. 
These differences impart stable properties to the alloy 
such as resistance to corrosion, strength, resistance to 
radiation rise and to creeping, and also increase the 
resistance to nodular corrosion. Their role in increasing 
corrosion resistance and plasticity is not obvious for the 
person skilled in the art. 

The present invention meets the criteria of novelty, 
inventive step and industrial application. 
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